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(54) cnOCOB M3rOTOBJl EHMH JTEftHEPOB 
(57) Abstract 

McnoJifc>30BaHne: o6pa6oTKa MeraruioB ^anneuneM. b xiacTHOCTH, o6pa6oTKa mcto^om xojioahom 
nnacTHMecKOtt ^e^opMau^m. Cyn^ocTb iraoopereiDtfi: raroTaBJTKBaioT npe ^crann - Tpy6y k o6ojiohky wo 
MaxepwajioD c pasjTWMHWM npe^enoM ynpyrocra. Co6npajor ynoMnnyrbie ^cranii nyrew ycraHOBKH Tpy6bi b 
ofojiotiKy c 3a3opoM. nocne c6opKM nnacnwecKofi #e4>opMamiM noflBepraioT ^erajib, raixrroaneHHyK) M3 
MCTajuia c MeHbnmM npe^enow ynpyrocrw. 2 mi. 



Description (Onecaniie H3o6perennflI: 



M3o6peTeHue othocmtch k xgjioahom o6pa6oTKe MeraanoB nnacTHHecimM A^fropMnpoBaHneM u mohct 6t4Tb 
(fcnonb30BaHO, HanpKMep, jyifl H3roTOBJieHM5i zieuHepoB mtru&mpoB id TaHroBbix H«j>THHbtx Hacocoo. 

M3Bec*rcH cnoco6 H3roTOD/ieiom jiewHepoo. com actio KoropoMy TOHKOCTeHHaH Tpy6a BCTaaroieTCH b 
ooonouKy c 3a3opoM |1| Memj^y HapyjKHOH nosepxHOCTbio Tpy6bi m BHyrpeHnew nooepxHocTbio o6ono^Kn 
MMeercH 3a3op. 

HeAcxrraTKOM npKBejjemioro cnoco6a nnnnercH Hamraie 3a3opa niempy Tpyooii m o6ojioukoh, npiraoAHmero 
k chjotchmk) jnecxKOCTM Jieibiepa, a 3 ncKOToptAX cnywajix, HanpKMep, npH K3rcrroBneHWM unrnm^poB 

Hc4>THHbix HacocoB H3 AewHepoB. 3a30p 3HaMMTeju>H0 rHM7KaeT KaMCCTBo nocTieAyiomeH onepaurai 
ynpoHHCHiiH BHyrpeHHew nonepxHocTH nwJiHHApa aooTKpoBaHHeM. 

MsBecrcH cnoco6 M3roTOBneHMH jieiiHepoB, cor/iacHO KoropoMy Hapyranyio noBepxHocrb Tpy6bi m 
BHyrpcHHiOHD noocpxHOCTb o6ojiotkh joroTaBJiHBaiOT kohotcckkmh (2) Hc^ocraTKOM BbnncoroicaHHOPo 
cnoco6a Harmercn to, mto oh cnomHbiu b ocyxnecrraneHMM. OiomHocTb npe^cxaB/mer HsroroBJieHMe 
oonpHracMbix noBepxHoereH h6o TpeoyercH crporo corjiacoBaxb onHoocHocTb kohmmcckom BHyrpeHHew 

nOBepXHOCTH OfSctflOUKM C KOHMMOCKOM HapyJKHOM noBepXHOCTbio Tpy6bi. 

TaxjKe H3BecrreH cnoco6 M3PoxoarieHKH jieKHepoB, corviacHO KOTopoMy nocne c6opKM Tpy6bi c o6ojiohkoh c 
HCKoropbiM 3a30p0M no conpHraeMbEM noBepxHocTOM, /ieftHep non^BepraioT aBro^penipoBaHHK) (cm. Taw me 
CTp.38) 131 t. e. imacTHuecKOH fle^opMaqrai T py6bi c Aejibio ycrpaHeHun 3a3opa MexRy Tpyoow w o6ojio*ikoh, 
k on^iOBpeMeHHoro ynpoMHCHKH Tpy6bi. 

Hc^ocrancoM H3BocTHoro cnoco6a topotobjichmh jieiniepoB hbtihctch to, *rro npn CKpcnncHHM neiinepos 
nocpejjCTBOM roiacTWHecKow jxefyopuauynA o^hoA H3 j\eraneR Jietaepa (ooohomkk hjih Tpy6bi). hc 
yuHTbiBaioTCH MexaHMwecKMe cBOKCTBa MerarmoB. *rro He no3BonHer o6ecnewrb KauecrBeHHoro, 
6e33a3opHoro cKperuieratH Tpy6bi c o6ohomkoh h, Rax cneACTBue, npwBO^T k HH3KOMy Ka^ecTBy M3AejmH b 
ue/ioM. 

HanpKMep, npn loroTOBJicHHH muniH^poB He^THHbix nrraHPOBbtx HacocoB H3 cKpenneHHbix jieteepoB, r^e 
Tpy6a TOPOTaBJiHBaeTCH M3 BbicoKonerMpoBaHHOH a3onjpyeMOH crajiM. a o6ononKa H3 HH3Koyrjiepo/n*croM 
crajiM. M3-3a BbiureyKaaaHHoro He^ocTaTKa b npouecce a3onipoBamifi ibuihhbpob M3 3a3opa BbiAeJiHioTCH 
ra3bi, npenHTCTsyionBie nopMajibHOMy nporeKauHK) npouecca a30THpoBaHHH. b peoyjibTaTe ^ero pe3K0 
B03pacTaer BpextH a3oncpoBaHHfi m CHMxtaercH KanecTBO a30TnpoBaHMH nosepxHOCTM ujumHApa m Hacoca b 
uchom. 

3aflaweH H3o6pereHMH HB7iHerc« pa3pa6oTKa cuoco6a raroroaneKHH jieibiepoB, o6ecnetiMBaiomero 
Ka^ecTBeHHoe 6e33a3opuoe coen^oieHMe xpy6bi c o6ojiohkom h noBbunemie jkcctkoctm netoepa. 

YKaoaHHbtft TexHKMecKMM pe3yjibraT ^ocTHraeTCH tcm, uto npn raroTOBJieHKM /leiiHepa, BK/no^ajomero 
w3roroBneHMe AByx ^erajiew xpy6bi m o6ojiowkh h c6opKM wx Apyr c npyrow c 3a3opoM, corjiacHo 
n3o6pereHMK) njiacTHnecKOMy ^e^opMHpoBaioDO no^BepraiOT ^eranb, lororoB/ieHHyio 113 Meranjia c 
MeHbinHM npcwenoM ynpyrocm. 

Pe3yjibTaTOM peixteHHH nocTaaneHHOM 3a/taw jmnncrcji to. «rro npn B03AeiiCTBWH Ha ^era/lb, 
iraroToaneHHyio m Merajuia c MeHbnmM npeAenoM ynpyrocTM Mepe3 nee mw Bo3AewcTByeM Ha fleranb c 
6onbDJHM npeAenoM ynpyrocTM. 

nocne chhtmh Harpy 3km b AeraJiM c mchwtimm npeAenoM ynpyrocrvi ocraioTCH ocTaTOHHbie nn acTMMecKMe 
Ae4>opMau>oi, a j\eT3Jit> c 6ojibunfM npeAenoM ynpyrocTM npMMer cboh nepsoHanajibHbie pa3Mepw M 
6e33a3opHO npwnH»er k conpHraeMOH nOBepXHOCTH ynpyroii Aera/m. 

Ha (J»wr. 1 H3o6pa«eH cnoco6 coeAHHeimft Jiewnepa. o KoropoM o6onouKa n3roToaneHa M3 Meraruia c 
MeHbiuMM npcAejioM ynpyrocTM, a Tpy6a raroToaneHa M3 MeTajuia c 6ojibnmM npeAenoM ynpyrocTM; Ha 
(fnr.2 cnoco6 coeAMHeinwi jieimepa, b kotodom o6ojioMxa roporoBjieHa m Meraruia c 6onbmHM npeAenoM 
ynpyrocTM, a rpy6a H3roroBneHa M3 MCTajuia c MeHbUiMM npeAenoM ynpyrocTM. JleitHepa M3POTaHnwBaiOT 
cneAywuBiM o6pa:jOM . 

nepDoiiaqanbiio M3roTannMoaioT o6onoMKy 1. riocjie 3awepa OHyrpeHHero A MaMeT P a o6ohohkm 1 
o6pa6aTbiBaiOT no HapyjKHOw no DepXHOCTM Tpy6y 2, o6ecneMMBan rap airrwpoBaiCHUbiii 3a30p Me»Ay 
conpHraeMbiMM nooepxnocT5TMM. nocne c6opKH ooonown I c Tpyoow 2 jieimep nocTynaeT na onepainoo 
cKpcnneuHH. CKpenJieimc ocymecran5ieTcn nocpeACTBOM A^<t>opMau>fii oaiioh M3 conpHracMbix jxeranevi 
o6ojiomkm 1 miH Tpy6bi 2. flc4>opManwio mow ho npoBOAMTb npw noMomw bwcokwx AanneHMM ikmakoctm, 
ra30B, cnoco6oM kobkm, o6KaTKM, AopHOBaHiiH wjiw npyrwc cnoco6oB. 

Ha 4>mt.1 iiOKa3an oamii mj B03M0MJibix BapHaitTOB CKpenneiawi neihiepa. b KOTOpoM o6onouKa 1 



irarxrroBneHa ro MCTa/uia c MeHbuiHM npe^enoM ynpyrocrei, a Tpy6a 2 H3 Mcranna c 6ojibtmfM rrpe^ejioM 
ynpyrocTH, B npuoe^eHHOM crryuae nnacTMuecKOM A^opMaurai no^eepraxyr ofo/iowy 1. flna 3roro na 
MeraanopemyiAeM o6opyAOBamm, nanpuMep. ropH30HTa/ib«o-pacTOMHOM CTaime b Bepr/nomHofi 6a6ne 
H3fle/iHH, no och craHKa ycTanaanMBaioT o6k aTHoii wucrpyMeHT c A e< J>° P MMpyio i xj^imm panuRaMn 3, B 
cTc6cnb craHKa ycTaHaBJiMBaiOT onpacKy 4, Ha KoropoM nocpc^CTBOM urrw^rra 5 3aKpen/iHiOT JicnHcp. 

Ilocne HacTpoHKH Ae^opMHpyioimix pohmkob 3 Ha paaMcp MeHwne HapyxHono ^naMerpa o6ojiohkh (pa3Mep 
no ;;e4>op nuipyio n iyru poriMKan onpc^cjiHercH 3KcnepHMeHTaribH0, b 3aBMCWMOCTH or ^waMerpa neimepa, 
TonmwHbi ctchok o6ojiohkm 1 u Tpy6bi 2 h MexamraecKux cboActb Meraruia) pacKaTHOMy HHcrpyMeHry 
coo6inaK>T BpamaTenbHoe ASHmeHMe V, a /letaepy nocTynaTenbHoe S, BbmojiHHioT luiacrimecKyK) 
Ae^opMauHK) o6anotccM 1 m ynpyryio Ae<J>opMauMK> xpy6bi 2. 

B CBH3H c paarm^ffiCbiMM MexaHHMecKMMH CBoncTBaMn MerajuioB o6ojio^kh 1 h Tpytfbi 2 b oGojiohkc 
npoH30HAy*r iuiacnmecKMe ;je<j>opMauKH, b pe3y/ibTaTe mcto HapywHbiif m BHyxpcHHKft AuaMerpbi 
yMCHboiaTCfl, a b Tpy6e 2 npoiaoHAyr ynpyrae ^afopMauHH, r^;e nocne chhthh Harpy3Kn napaMerpbi 
Tpy6w B03BpaTHTCH b nepBOHauanbHoe najioxemie, npu stom, npoH3ofi^er 6e33a3opHoe h KauecrseHHoe 
CKpciuieHMe Jiefmepa. 

Ha <$>ht. 2 H3o6pameH o^mh M3 B03M0XHbix BapnaHTOB CKpenneHUR jieimepoB, b KoropoM o6anoHKa 1 
H3roTOBJieHa W3 Mexaruia c 6oiribninxt npe^eJiOM ynpyrocni. a Tpy6a 2 H3 MeTaruia c MeHbUMM npe^enoM 
ynpyrocTH. 

JleiiHep ycTaHaBJiMBaiOT Ha nporfOKHoft craHOK c ynopoM b npMcnoco6ji eHMe 6 o^hhm K3 ropuea. B 
OTBcpcTHc Tpy6bi 2 BBO^HT onpasKy 7, Ha BbixoA b Koxopyio BBopaMMBaKrr nppn 8. JJopH no HapyjKHOMy 
/jwaMerpy BbmormeH Ha pa3Mcp oojibine pa3Mepa BHyxpeHHero ^iiai^expa Tpy6bi 2. Bejnramia Harara flopHa 
8 b oTBepcTHH Tpy6bi 2, kelk h b npeAUAymeM cnyuae. onpeAeJiHercH 3KcnepnMeHTajibH0 . ripia BKjnoueHHH 
onpaaKM 7 no^a™ S npoH3BOAHT nnacnraecKyio ^e<J>opMaamo Tpy6bi 2 u ynpyryio A^<j>opMau>iio o6ojiowh 1. 
npHBOAHmMX k 6e33a3opHOMy m KaMecTBeHHowy cKpenjieHwao o6ojio^km 1 c Tpyoofl 2, Rax h b npcAbujyiAeM 
cnywae. 
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Claims [<I>opMy;ia H3o6pereHH*il: 

Cnoco6 M3roToaaeHMH neittiepoB, uxjuonajoiuym M3roToaneime rpy6bi h o6qjiohkm. c6opKy mx fipyr c ApyroM 
nyrew ycTaHOBXM Tpy6bi b o6anouKy c 3a3opoM n nocne^yioLuee nnacnroecKoe A^opMKpo Darae oahom W3 
co6pararbix ^eTaneM, oTjxmaiovjymca tcm. *rro Tpy6y h o6ojiowy H3roTaBJiHBaiOT M3 weTanjiOB c pa3HBCM 
np^enoM ynpyrocm, a nnacrwuecKOM ^aJwpMamai noABepraior A^am*. H3roToaneHHyio ra Mexanjia c 
MCHhnmM npeacnoM ynpyrocTH. 



Drawing(s) IMepTeiKHj: 
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(54) LINER PRODUCTION METHOD 
(57) Abstract: 

Field: Plastic metal working and, in particular, metal working by the cold plastic 
deformation method. Substance of invention: Two parts — a tube and an enclosure — are 
made of materials with different limits of elasticity. These parts are assembled by 
inserting the pipe into the enclosure with a clearance. After their assembly the part made 
of a metal with a lower limit of elasticity is subjected to plastic deformation. 2 dwgs 
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Description: 

The invention relates to cold working of metals by the plastic deformation method and 
can, for instance, be used for the production of liners for oil-well sucker rod pump 
cylinders. 

A liner production method is known, which involves the insertion of a thin- walled tube 
into an enclosure so that there is a clearance between the outer surface of the tube and the 
inner surface of the enclosure (1). 

The drawback to this method is the existence of a clearance between the tube and the 
enclosure, which results in a lower rigidity of the liner, and in some cases, for instance, 
when liners are used in the manufacture of oil-well pump cylinders, this clearance 
considerably impairs the quality of the subsequent operation — the hardening of the inner 
surface of the cylinder by nitriding. 

Another liner production method is known, in which the outer surface of the tube and the 
inner surface of the enclosure are made conical (2). The drawback to this method is that it 
is hard to use. The difficulties associated with using this method are encountered at the 
stage of forming the mating surfaces since it is necessary to ensure the alignment of the 
conical inner surface of the enclosure and the conical outer surface of the tube. 

Still another liner production method is known, in which after the tube and the enclosure 
are assembled so that there is a clearance between the mating surfaces the liner is 
subjected to autofretting (ibid, p. 38) (3), i. e., to plastic deformation, for the purpose of 
eliminating the clearance between the tube and the enclosure, and, at the same time, the 
tube is hardened. 

The drawback to this liner production method is that in joining the liner parts by 
subjecting one of them (the enclosure or the tube) to plastic deformation the mechanical 
properties of their metals are not taken into account, which makes it impossible to ensure 
high-quality tight joining of the tube and the enclosure and, in consequence, results in a 
lower product quality. 

For instance, when liners assembled from tubes made of high-alloy nitrided steel and 
enclosures made of low-alloy steel are used in the manufacture of oil-well sucker rod 
pump cylinders the gases emitted while nitriding the cylinders from the clearance 
between the tube and the enclosure due to the above drawback interfere with the normal 
course of the nitriding process with the result that the nitriding time is considerably 
increased and the quality of nitriding the surfaces of the cylinder and the pump as a whole 
is impaired. 

The object of the present invention is to propose a liner production method ensuring 
high-quality tight joining of the tube and the enclosure and a high liner rigidity. 
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This object is achieved as follows. In the liner production process including the 
production of two parts — a tube and an enclosure — and their assembly with a certain 
clearance the part made of a metal with a lower limit of elasticity is subjected to plastic 
deformation. 

In deforming the part with a lower limit of elasticity, the deforming forces are transmitted 
through this part to the part with a higher limit of elasticity. 

When the loads acting on the part with a lower limit of elasticity are relieved it will retain 
residual plastic strains and the part with a higher limit of elasticity will acquire its 
original dimensions and will tightly bear against the mating surface of the other part. 

Fig. 1 illustrates a liner production process, in which the enclosure is made of a metal 
with a lower limit of elasticity and the tube is made of a metal with a higher limit of 
elasticity, and Fig. 2 illustrates a liner production process, in which the enclosure is made 
of a metal with a higher limit of elasticity and the tube is made of a metal with a lower 
limit of elasticity. Liners are manufactured as follows. 

Initially, the enclosure 1 is produced. After measuring the inner diameter of the liner 1, 
the outer surface of the tube 2 is machined to ensure a guaranteed clearance between the 
mating surfaces. After assembling the enclosure 1 and the tube 2, they are joined. This is 
done by deforming one of the mating parts — the enclosure 1 or the tube 2. Its 
deformation can be effected by using high-pressure fluids or gases or by forging, 
spinning, mandreling or other methods. 

Fig. 1 illustrates one of the possible versions of the method for joining the liner parts, in 
which the enclosure 1 is made of a metal with a lower limit of elasticity and the tube 2 is 
made of a metal with a higher limit of elasticity. In this case, it is the enclosure 1 which is 
subjected to plastic deformation. To this end, a spinning tool fitted with deforming rolls 3 
is mounted on a metal-cutting device, for instance, it is secured in the swivel workhead of 
a horizontal boring machine. Mandrel 4 is secured in the machine spindle, and a liner is 
mounted on the mandrel and fixed thereto by means of pin 5. 

After adjusting the deforming rolls 3 for a dimension smaller than the outer diameter of 
the enclosure (this is done experimentally according to the liner diameter, thickness of the 
walls of the enclosure 1 and the tube 2 and the mechanical properties of the metals used), 
the spinning tool is imparted a rotary motion V and the liner is imparted a translatory 
motion S with the result that plastic deformation of the enclosure 1 and elastic 
deformation of the tube 2 are effected. 

Due to differences in the mechanical properties of the metals, of which the enclosure 1 
and the tube 2 are made, plastic strains will develop in the enclosure, whereby its outer 
and inner diameters will be reduced and elastic strains will develop in the tube 2 and after 
the load is relieved the tube will acquire its original characteristics, the result being that 
high-quality tight joining of the liner parts will be effected. 
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Fig. 2 illustrates one of the possible versions of the method for joining the liner parts, in 
which the enclosure 1 is made of a metal with a higher limit of elasticity and the tube 2 is 
made of a metal with a lower limit of elasticity. 

The liner is mounted on a broaching machine so that one of the liner ends abuts against 
fixture 6. Mandrel 7 is inserted into the tube 2, and broach 8 is screwed into the end of 
the mandrel. The outer diameter of the broach is one size larger than the inner diameter of 
the tube 2. As in the above case, the interference fit of the broach 8 in the tube 2 is 
determined experimentally. When a feeding motion S is imparted to the mandrel 7, the 
tube 2 is subjected to plastic deformation and enclosure 1 is subjected to elastic 
deformation with the result that, as in the previous case, high-quality tight joining of the 
enclosure 1 and the tube 2 is effected. 
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Claim: 

A liner production method which consists in producing a tube and an enclosure, 
assembling them with a clearance and subsequently subjecting one of the assembled parts 
to plastic deformation and wherein the tube and the enclosure are made of metals with 
different limits of elasticity and the part made of a metal with a lower limit of elasticity is 
subjected to plastic deformation. 



Drawings: 
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Fig. 1 
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Fig. 2 
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